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Abstract

Exposure to radiation causes various DNA lesions, including DNA double-strand breaks
(DSBs). Although most DNA damage can be repaired, the DNA repair function is not fully
integrated and can occasionally lead to genetic mutations that might cause cancer and cellular
senescence. Therefore, biodosimetry methods based on the monitoring of DNA damage are
useful for evaluating the biological effects of radiation.

Although dicentric chromosome analysis (DCA) is the mainstream biodosimetry method, it
takes several days to get results and is not suitable for mass-casualty situations that require
immediate analysis in the field. In contrast, evaluation of DNA damage using phosphorylated
histone H2AX (y-H2AX) is more sensitive and faster (less than 24 hours) to obtain results,
making it suitable for rapid triage on cite. However, there are still some challenges in radiation
effect assessment based on the y-H2AX assay.

In this study, a polydimethylsiloxane (PDMS) microfluidic chip (PDMS chip) was developed
to facilitate DNA damage assessment based on y-H2AX assay on it. The PDMS chip has a
lymphocyte capture structure in its flow path, and the y-H2AX assay can be performed directly
on the chip for captured lymphocytes. We have performed y-H2AX assays on human peripheral
blood lymphocytes exposed to X-rays using the PDMS chip, and the results showed a dose-
dependent increase in DNA damage at doses above 1 Gy.

On the other hand, the y-H2AX assay is problematic since the y-H2AX foci disappear by
about 72 hours after radiation exposure depending on DNA damage repair. To solve this
problem, we evaluated the shortening of telomere length as a biodosimetor for assessment of
exposure dose at later than 72 hours after exposure.

As a result, our data strongly show that PDMS chip is usable in DNA damage evaluating
device and make it possible to assess the biological effects of radiation rapidly on-site. Our data
also suggest that the measurement of telomere length might suitable biodosimetor to evaluate

the exposure dose later than a week after radiation exposure.
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